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^ (57) Abstract: A stent is provided having attachment members (18) for allowing attachment of a sheath (28) or sheaths. Accord- 
^ ingly, a practitioner is able to selectively choose a desirable sheath, such as a polymeric sleeve, a biomaterial, or a natural blood ■ 
^ vessel, at a point-of-use and attach it to the sheath. The' attachment members may be bendable tabs and/or secondary support stents. 
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STENT DESIGN WITH SHEATH ATTACHMENT MEMBERS 

BACKGROUND OF THE INVENTION ; 

FIELD OF THE INVENTION t 

[0001] This invention relates to vascular stents and, more pa^ 

vascular stents. 

DESCRIPTION OF RELATED TECHNOLOGY ; 

[0002] In the prior art, it is known to provide a covering for an implantable vascular 

stent, such as that disclosed in U.S. Patent No. 5,916,264. Such covered stents or stent/grafts 
are used for a variety of vascular treatments, but have particular usefuhiess in endovascular 
applications to support or maintain the patency of the natural vessel. Depending on the 
particular needs of a patient, a specific stent/coyer combination is chosen as a treatment. 
Generally, however, stent coverings are emplaced on the stent at a manufacturing facility. As 
a result, medical practitioners have been traditionally limited in flieir selection of a stent and 
covering combination to what is commercially available, 

[0003] To overcome some of the deficiencies of the prior art, mountable sheaths for 

emplacement onto a stent have been developed which allow a practitioner to select a 
particular sheath and stent combmation at a point-of~use, beyond the manufacturing facility. 
A mountable sheath is disclosed in WIPO hitemational Publication No. WO 00/12147, the 
applicant of which is the same as the assignee herein. The mountable sheath is slitted to 
facilitate mounting onto a stent, and may be treated with a pharmaceutical agent, radioactive 
agent, bioactive agent, or a combination thereof The sheath is attached and retained on the 
stent using cornpressive force, glue, a protective sheath, or socks. The compressive force is 
generated radially (inwardly and/or outwardly), by the sheath itself, the stent, or botii. It is, 
however, desired to provide a simplified method of attaching and retaining the mountable 
sheath, as well as other sheaths, to a stent 
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SUMMARY OF THE INVENTION: 

[0004] The present invention provides a means for selecting and joining a particular 

stent configuration and a particular covering or lining for the stent to tailor .the final 
stent/graft device to a particular patient 

[0005] . With the subject invention, a stent is provided having a radially-expandable 
body vnth axial ends, wherein at least one bendable tab extends fix)in one of the ends. The 
tab is formed to be bendable so as to at least partially overlap the body upon being bent. 
Accordingly, a sheath or cover can be concentrically arranged (internally and/or externally) 
of the stent, with the tab being bent into engagement with the sheath so as to provide a 
. holding force therein. 

[0006] In one aspect of the invention, a tubular stent is provided with a plurality of 

circumferentially spaced tabs extending fi:om each end. The construction ofthe stent may be 
of any configuration or material known in the art. 

[0007] It is preferred tliat the tabs be unitarily formed firom or integral with the stent, 

such as by bemg laser-cut fiom the same stock m forming the stent. In one embodiment of 
the invention, the tab is connected to the stent via a single stem which allows for relative easy 
bending thereof. To ensure low-risk of failure (i.e., tab separation from the stent), the stem 
may be strengthened by forming it thicker than the stent, using known metal-working 
processes, or by the application of a strengthening agent, such as a coating, claddmg, and the 
like. Alternatively, the stem may be formed thinner than the stent to enhance bendability of 
the tab. Furthermore, the tab is preferably formed with a non-linear shape (such as with a 
U-shape, V-shape, circle shape, box shape, triangular shape, rectangle shape, and so forth) so 
as to provide a distributed area of contact force (as opposed to point contact or line contact) 
upon the sheath, with the arms of the tab diverging to fiirther enhance this effect To ensure 
that the tabs maintain their bent sheath-engagement positions durii^ use, the tabs are 
preferably formed fiom a deformable material with little recoil or elasticity, such as stainless 
steel, tantalum, niobium, or a platinum-enhanced alloy. 

[0008] The sheath may be formed from a polymer sleeve such as a PTFE, ePTFE, 

polyurethane, polypropylene, polyester or other biocompatible material. In another aspect of 
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the invention, the polymer sleeve may be formed of a biodegradable material. Bioactive or 
therapeutic agents, such as drugs or biological materials may be incorporated in or on the 
polymeric sleeve for release subsequent to implantation. The sleeve may also be formed 
from a biomaterial such as elastm or collagen, or from a section of natural blood vessel (e.g., 
saphenous vein). With the subject invention, a physician, or other practitioner, can 
selectively choose the type of sheath required, as well as flie type of pre-implantation 
treatment thereof. For example, a physician may choose to soak a polymeric sleeve in a 
particular therapeutic agent prior to implantation. 

[0009] Once selected, the sheath may be fixed externally or internally of the stent, by 

disposing it concentrically therewith, and bendmg the tabs accordingly to engage and secure 
the-s hea t h to Q ie stent. As an alte rnat i v e emb o d im en trmultiple sheaths can be disposed 
intemally or externally of the stent, with the tabs holding the composite structure in place. 
Furthermore, one or more sheaths can be simultaneously disposed internally and extemally of 
the stent, with a portion of the tabs being bent inwardly to provide holding force for the 
internal sheath(s) while a portion of the tabs are bent extemally to provide a holding force for 
the external sheath(s). 

[0010] A tool may be provided for bending the tabs in assisting a practitioner. 

[0011] As a second embodhnent of the subject invention, one or more secondary 

support stents may be utilized to hold the sheath or sheaths relative to the stent hi one 
variation, a ring-shaped support stent, having a much shorter axial length than the main stent, 
may be plastically deformed (e.g. by crimping) in proximity to an end of the main stent to 
-provide necessary-holding fGrGe-for the^heath(s).^ne.or-more-of^^ may be 

used intemally and/or extemally of the main stent, as required. 

[0012] These and other features of the invention will be better understood through a 

study of the foUowmg detailed description and accompanyinjg drawings. 
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Bl^TEF B ESCRIPTION OF DRAWINGS : 

[0013] Figure 1 is a side elevational view of a stent having bendable tabs formed in 

accordance with the subject invention; 

[0014] Figure 2 is an enlarged view: of section 2 of Figure 1; 

[0015] Figure 3 is an elevational view of the subject invention having a sheath 

disposed about the body of the stent; 

. -{0016]- Figure 4 is an end elevational view of the subject invention having multiple 

sheaths; and, 

[0017] Figure 5 is an elevational view of a second embodiment of the subject 

invention using crimped support stents. 

DFTATt.FD DESCRIPTION OF THE INVENTION ; 

[0018] With the subject invention, a device and method are provided for allowing 

practitioners to selectively choose a sheath as a covering for a stent at a point-of-use. With 

— ihis-versatiiityra-practitioner "has-tiie-ability to utilize not^nly polymeric-sheaths, but also 
biomaterial and natural material, and allow for such to be treated prior to implantation, such 
as soaking in a therapeutic agent. The subject invention may be used in the coronary 

— vaisculatureresophagus, trachea, colon,. biUary-tract,.urinary. tract, prostate and brain. 

[0019] With reference to Figures 1 -4, a first embodiment of the subject invention is 

depicted, wherein a stent 10 is provided having a tubular body 12, a first axial end 14, and a 
second axial end 16. One or more bendable tabs 18 extend fix)m the fiarst and/or second axial 
ends 14, 16. 

[0020] The stent 1 0 may be of any stent configuration known to those skilled in the 

art, including those used alone or in a stent-grafl arrangement Various stent types iand stent 
constructions may be employed in the present invention including, without limitation, self- 
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expanding stents and balloon expandable stents. The stents may be capable of radially 
contracting as well. Self-expanding stents include those that have a spring-like action which 
cause the stent to radially expand or stents which expand due to the memory properties of the 
stent material for a particular configuration at a certain temperature. Other materials are of 
course contemplated, such as stainless steel, platinum, gold, titanium, tantalum, niobium, and 
other biocompatible materials, as well as polymeric stents. The configuration of the stent 
may also be chosen from a host of geometries. For example, wire stents can be fastened iii a 
continuous helical pattern, with or without wave-like forms or zigzags in the wire, to form a 
radially deformable stent. Individual rings or chcular members cant be linked together such 
as by struts, sutures, or interlacing or locking of the rings to form a tubular stent. 

™-.[0021] "It4s preferred-that-the-stent-10 be-oflhe-typeth^^^^ or cut (e.g., laser 

cut) from a unitary cylindrical stock. Accordingly, the tabs 18 desirably may be cut from the 
same stock as the tubular body 12 and be formed unitarily therewith. Desirably, the tubular 
body 12 is radially-expandable using, conventional techniques, such as balloon distension; or 
may be self-expanding. 

[0022] With reference to Figure 2, in one embodunent, the tabs 1 8 have a generally 

U-shape with side legs 20 which slightly diverge. With this structural configuration, the tabs 
1 8 may distribute holdmg force over an area, rather than have point contact or line contact 
(e.g., if a single slender wire was to be used). The side legs 20 termmate in free ends 22 
-whiGhraje-flared-sM^ly^utwardly -from an-open mouth 24-ofthe-ta;br It is desired to ensure 
that sharp edges are elimmated from the tabs 18, especially at the free ends 22 to prevent 
unintended puncture of the vessel. Because the tabs 1 8 may be located externally of an 
implanted stent, and m contact with a vein wall, it is deshed to ensure that micromovement of 
the tabs will not result in any abrading damage to the vein wall. Advantageously, where the 
tabs 18 maybe unitarily laser cut with the tubular body 12, electropplishing of the entire 
assembly removes all sharp edges. 

[00231 It is preferred that the tabs 1 8 have a shape which imparts a holding force over 

an area, such as a v-shape, circle shape^ box shape, triangular shape, rectangular shape and so * 
forth with the tab 1 8 being defined by an element outlining the shape, or being at least 
partially solid across the area of the tab (e.g., a solid disc). It is preferred to use a 
configuration other than a slender linear shape so that, as mentioned above, holding force is 
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distributed over an area. A flattened or deformed wire may also distribute a holding force 
over an area, 

[0024] , The tab 1 8 is connected to the body 12 via a stem 26 which is bendable. With 
. unitary manufacturing of the tabs 1 8 and the body 12, the stem 26 will have the same , 
thickness as other parts of the stent 10. It may be desired, however, to strengthen the stem 26 
so as to reduce the likelihood of failure thereof which may result in separation of the tabs 18 
from the body 12. The stem 26 may be strengthened in a variety of ways, such as: by 
providing additional material therein to thicken it; using known metal-working techniques; 
and/or providing a strengthening agent, such as a coating, cladding, or the like. The stem 26 
is formed of sufficient length to allow the tab 1 8 to be bent thereabout to at least partially 

-—overlap the body42. -Mteniativelyritinay bedesired-to^om- 
surrounding portions to enhance the bendability thereof Also, the stem 26 may be thinned to 

. mcrease its cross-sectional width so as to provide a holding force over a larger area, 

[0025] With reference to Figure 3, the stent 10 is povered by a sheath 28 with the tabs 
1 8 extending from the assembly. As previously discussed, tide sheath 28 may be formed from 
any number of materials, including synthetic or natural polymers, biomaterials, or natural 
materials, such as natural blood vessel (e.g., a saphenous vein). The sheath 28 may hiave a 
tubular shape, or be slitted as shovm m WlPO Intemationaa Publication No. WO 00/12147. 
The entire disclosure of WIPO hitemational Publication No. WO 00/12147 is incorporated 
-hereiniyyreference-herein; .. 

[0026] As shown in Figure 3, the sheath is concentrically disposed relative to the stent 

__1.0_(as-shovm-in-Eigure 3 disposed,-for-example,-radially outwardly) and one or more of the 
tabs 1 8 are caused to be bent into engagement therewith. Accordingly, the sheath 1 8 is 
attached to the stent 1 0 and shall be retained relative thereto by the holding force of the tabs 
18. It is desired to have the tabs 1 8 sufQcientiy bent so that the tabs 1 8 are recessed v^thin, 
or flush with, the sheath 28. Accordingly, it is desirable thiat no portion of the tabs 1 8 shall 
extend outwardly from the assembly. . 

[0027] To ensure that the tabs 1 8 maintain their bent positions after application, the 

tabs 1 8 are preferably formed from a deformable material with littie recoil or elasticity, siich 
as stainless steel, tantalum, niobium, or a platinimi-enhanced alloy. Shape memory alloys. 
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such as nitinol, can be used so long as the tabs 1 8 are treated to not re-gain their original 
unbent shape once implanted. 

[0028] With reference to Figure 4, multiple sheaths 28 may be disposed externally of 

the stent 10. Likewise, one or more of the sheaths 28 may be disposed radially inwardly of 
the stent 1 0, with one or more of the tabs 1 8 being bent inwardly into engagement with the 
sheath(s) 28. As a further variation, one or more sheaths 28 may be simultaneously disposed 
internally and ejrtemally of the stent 10, with a portion of the tabs 18 bemg bent inwardly, 
and a portion of the tabs 1 8 being bent outwardly. 

[0029J Because of the ability to apply the sheath 28 at the p6int-of-use, a practitioner 

-may choose to treat4he-&heatb-2^ prior-to-implantation,-such-as-soak^ one or more of 
the following therapeutic agents: anti-thrombogenic agents (such a^ heparin, heparin 
derivatives, urokinase, and PPack (dextrophenylalanine proline arginine 
chloromethylketone); anti-proliferative agents (such as enoxaprin, angiopeptin, or 
monoclonal antibodies capable of blocking smooth muscle cell proliferation, hirudin, and 
acetylsalicylic acid); anti-inflammatory agents (such as dexamethasone, prednisolone, 
. corticosterone, budesonide, estrogen, sulfasalazine, and mesalamine); 
antineoplastic/antiproliferative/anti-miotic agents (such as paclitaxel, 5-fluorouracil, cisplatin, 
vinblastine, vincristine, epothilones, endostatin, angiostatin and thymidine kinase inhibitors); 
anesthetic agents (such as lidocaine, bupivacaine, and ropivacaine); anti-coagulants (such as 
-B-Phe-^^-Afg-(^terraaethyyseton5-an RGD-pepti heparin, 
antithrombin compounds, platelet receptor antagonists, anti-thrombin antibodies, anti-platelet 
receptor antibodies, aspirin, prostaglandin inhibitors, platelet inhibitors and tick antiplatelet 
. .peptides); vascular cell growth promoters (such as growth factor inhibitors, .g^^ factor 
receptor antagonists, transcriptional activators, and translatidnal promoters); vascular cell 
growth inhibitors (such as growth factor inhibitors, growth factor receptor antagonists, 
transcriptional repressors, translational repressors, replication inhibitors, inhibitory 
antibodies, antibodies directed against growth factors, bifunctional molecules consisting of a 
growth factor and a cytotoxin, bifunctional molecules consisting of an antibody and a 
cytotoxin); cholesterol-lowering agents; vasodilating agents; and agents which interfere with 
endogenous vascoactive mechanisms. In addition, radioactive agents and bioactive agents 
may be used in various combinations, along with the therapeutic agents listed above. 
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[0030] The stent 10 may take any form, such as a 'T>ox car" type stent, which utilizes . 
discrete stent elements linked together by flexible connections, such as that shown in Figure 5 
of U.S. Patent No. 5,693,085. The entire disclosure of U.S. Patent No. 5,693,085 is 
incorporated by reference herein. With a "box car" stent, the tabs 18 will only extend firom 
the end elements, and not the central stent elements.. It is also possible to form the stent 10 
with tabs extending only from one axial end 14, 1 6 of a tubular stent, and only one of the tabs 
18 at the respective axial end 14, 16 may be required depending on the application (e.g., 
amount of holding force required). It is preferred to use a plurality of the tabs 18 with such 
tabs 1 8 being circumferentially evenly-spaced, such as with three tabs 1 8 at each axial end 
14, 16 located at intervals of 120 degrees relative to the circumference of the body 12, In this 
manner, an even distribution of holding force can be achieved to ensure proper fixing of the 
sheath-28-to-the stent 10: ~ . 

. [0031] Conventional teclmiques may be used to implant the stent 10/sheath 28 
. assembly. As a further variation, one or rnore barbs 19 may be formed on one or more of the 
tabs 1 8 which are formed to puncture a surrounding vessel wall upon implantation of the 
assembly. . The barbs 1 9 need only be formed on the side of the tabs 1 8 which will be 
externally exposed with a completed assembly, and preferably, are formed in proxiinity to the 
free ends 22. The barbs 19 shall act to provide additional holding force for the structure at a 
desired location. :™ — 

—[0032] A hand tool (not shown) may also be provided to aid a practitioner in bendmg 

the tabs 18. 

[0033] - In a second embodimentof the.invention, one or .more ring-shaped support 

stents 30 replace.the tabs 18 to provide holding force for the sheath 28. With reference to 
Figure 5, the support stents 30 generate a relative pressing force with the stent 1 0 (hidden 
from view) to hold the sheath 28 in place. As with the tabs 18, if shape memory alloys are 
used in forming the support stents 30, it is.desked to treat the support stents 30 such that will 
prevent the support stents 30 from re-gaining their original shape. It is also desirable that no 
portion of the stent 1 0 come into contact with the support stents 30. 

[0034] In one variation, tiie support stents 30 may be plastically-deformed to provide, 

and maintain, the necessary holding force. . For example, the support stents 30 may be 
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crimped. The support stents 30 may be partially plastically deformed, such at discrete points 
or along a region, or may be wholly plastically deformed. Any plastic deformation of the 
support sterits 30 should not interfere with the ability of the stent 10 and the sheath 28 to be 
implanted (i.e., interfere with the ability to radially compress and radially expand). 
Altematively, the support stents 30 and/or the stent 1 0 may generate a radial pressing force 
which holds the sheafli 28. 

[0035] It is preferred that the support stents 30 be of limited axial length and not be 

coextensive with the body 12 of the stent 10. To avoid end separation of the sheafli 28 from 
the stent 10, the support stents 30 are disposed in proximity to the axial ends 14, 16. It is 
possible to use only one of the support stents 30, such as at the upstream axial end 14, 16 of 

"the stenHO rel^tive-te-bteod flow— In additionras^5hown4n da to 
form at least one tab 1 8 at one axial end 14, 1 6 in connection with the use of one or more of 
the support stents 30 to supplement the holding force thereof As an alternative, a single 
support stent 30 may be used which extends over a major extent of the sheath 28. 

[0036] The support sterits 30 may be of any construction known in the art. The 

stnacture may be plastically-deformable upon being crimped radially mwardly or outwardly. 

[0037] As with the first embodiment, multiple sheaths 28 may be disposed internally 

and/or externally, with the support stents 30 providing holding force irxtraluminally. If there 
is-reliance-on-pl astic dcfor maticm of-fee-support-st^te^Orfee-suppcfft-stents 30 may be 
crimped radially outwardly to hold any internally-disposed sheaths 28. 

-40038] To facilitate the plastic deformation of the support' stents 30, a tool (not 

shown) may be provided. 

[0039] Various changes and modifications can be made to the present invention. It is 

intended that all such changes and modifications come within the scope of the invention as 
set forth in the following claims. 
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WHAT IS CLAIMED IS : 

1. A stent comprising a radially^expandable body having first arid second axial, ends,, at 
least one bendable tab extending from said &st axial end, said tab being bendable to at least 
partially overlap said body for forcibly engaging a sheath. 

2. A stent as in claim 1 , wherein said stent is generally cylindrical. 

3. A stent as in claim 1, wherein at least one bendable tab extends from said second axial 
end, said tab being bendable to at least partially overlap said body. 

A stent as in claim 1, wherein a plurality of said tabs extend from said first axial end. 

5. A stent as in claim 1 , wherein said at least one tab has a non-linear shape. 

6. A stent as in claim 1 , wherein said at least one tab is imitarily formed with said body. 

7. A stent as in claim 1 , further comprising at least one barb extendmg from at least one 
said tab. 

8. A method of preparing a covered stent for implantation, said method comprising: 

providing a stent having a radially-expandable body with first and second axial ends, 
at least one bendable tab extending from said first axial end; 

disposing a sheath in concentric arrangement with said body; and 
bending at least one of said tabs into engagement with said sheath. 

9. A method as in claim 8, wherein said sheath is disposed radially outwardly of said 
stent. 

10. A method as in claim 8, wherem said sheath is disposed radially inwardly of said 
stent. 

10 
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11. A method as in claim 8, wherein said sheath is selected from the group consisting of a 
polymeric sleeve, a biomaterial sleeve, and a natural blood vessel 

12. A method as in claim 1 1 , wherein said sheath is treated with a drug selected from the 
group consisting of pharmaceutical agents, radioactive agents, bioactive agents, and 
combinations thereof 

13. A method as in claim 8, further comprising disposing a second sheath in concentric 
arrangement with said body. 

■^14. — A method as in daim-lS, wherein said first-mentioned-shealh is disposed externally of 
said stent, and said second sheath is disposed internally of said stent. 

15. A method as in claim 14, further comprising bending at least one of said tabs into 
engagement with said second sheath. 

16. ^ A method as in claim 13, wherein said second sheath is interposed between said first- 
rnentioned sheath and said stent 

17. A covered stent comprising a main stent having a radially-expandable body, at least 
"craersupporhstentrand-^rsheath inteiposed^^ least one support 

stent with no portions of said main stent being in contact with said at least one support stent. 

—18. A covered-stent as in claim 1 7, wherein said at least one support stent is plastically- 
deforxried. 

19. A covered stent as in claim 1 7, wherein said sheath is disposed radially outwardly of 
said main stent. 

20. A covered stent as in claim 17^ wherein said sheath is disposed radially inwardly of 
said main stent. 
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21 . A covered stent as in claim 17, wherein said.at least one support, stent has an axial 
length which is less than the axial length of said body. 

22. A covered stent as in claird 21, wherein said at least one support stent is disposed in 
proximity to an end of said body. 

23 . A covered stent as m claim 1 7, wherein said sheath is selected from the group 
consisting of a polymeric sleeve, a biomaterial sleeve, and a natural blood vessel. 

24. A covered stent as in claim 23, wherein said sheath is treated v\dth a drug selected 
from the group consisting of pharmaceutical agents, radioactive agents, bioactive agents, and 
combinationsthereof. — \ : 

25. A covered stent as in claim 1 7, further comprising disposing a second sheath in 
concentric arrangement with said body. . 

26. A covered stent as in claim 25, wherein said first-mentioned sheath is disposed 
externally of said main .stent, and said second sheath is disposed internally of said niain stent 

27. A covered stent as in claim. 26, wherein said second sheath is interposed between at 
least one of said support stents and said body. . 

28. A method of preparing a covered stent for implantation, said method comprising: 
providing a main stent having a radially-expandable body; 

disposing a sheath in concentric arrangement with said body; and, 

disposing at least one support stent extemally of said sheath such that said sheath is 
interposed between said body and said at least one support stent, and no portion of said main 
stent is in contact with said at least one support stent 

29. A method as m claim 28 fiirther comprising deforming plastically said at least one 
support stent 
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30. A method as in claim 28, wherein said sheath is disposed radially outwardly of said 
stent. 

31. A method as in claim 28, wherein said sheath is disposed radially inwardly of said 
stent. 

32. A method as in claim 28, wherein said sheath is selected &om the group consisting of 
a pol3aneric sleeve, a biomaterial sleeve, and a natural blood vessel. 

33, . A method as in claim 32, whereui said sheath is treated with a drug selected from the 

, group consisting-of phaimaeeutieal-agentsy-radioaetive-agentsrbioactive-agents, and — 
combinations thereof. 

34. A method as m claim 28, further comprising disposing a second sheath m concentric 
arrangement with said body. 

35. A method as in claim 34, wherein said first-mentioned sheath is disposed externally of 
said main stent, and said second sheath is diq>osed mtemally of said main stent 

36. A method as in claim 34, wherein said second ^eath is interposed between at least 
-one-of-said-supportstents-aad-said-body; ■■ -: '-^ - - 

37. . A method as in claim 28, wherein said at least one support stent has an axial length 
whidiislessjhanlhe axial lengthof said body. ... . : . 

38. A method as in claim 37, wherem said at least one support stent is disposed m 
proximity to an end of said body. 
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